A major change in modern socioecological systems is the dramatic shift toward urbanization. Cities concentrate people and resources into relatively small areas, but they also form global economies of scale that accelerate innovation and wealth creation while increasing demands for urban land (Batty 2008) . This concentration of people within the landscape engenders novel interactions between sociocultural and biophysical components of urban ecosystems (Alberti et al. 2003) , which can generate novel features (e.g., biophysical conditions and species composition) within these communities (Kowarik 2011) .
Such interactions highlight the need to better understand the effect that the built environment and associated social systems have on ecosystems, their structure, and their processes. Urbanization often leads to a reduction in vegetation cover within and around cities, as well as a general degradation of remnant habitats. Urbanization can alter biotic communities because of increased fragmentation and impervious surface (McKinney 2002) , both of which are landscape features that select for "urban-adapted" species (McKinney 2006) . However, urbanization, in comparison with natural areas, may also lead to a boost in species richness because of an increase in exotic species planted in residential areas . Together, urban ecosystems are novel within and across trophic levels, and this novelty has implications for abiotic and biotic processes that affect ecosystem services.
Recent evidence suggests that urban ecosystems converge in their structure and function, potentially leading to the homogenization of the biotic communities living therein. Urban soils in particular exhibit biotic homogenization and converge across urban ecosystems, in which biogenic properties (e.g., soil carbon and nitrogen) are similar across urban landscapes (Pouyat et al. 2015) . Homogenization can be driven by human landscape preferences, norms, and values, through which sociodemographically similar urban areas produce similar biophysical characteristics (Groffman et al. 2014) . The replacement of natural cover with turf grass is a prominent example of how urban neighborhood ecology homogenizes or converges because of social norms (Robbins 2012) ; here, urban ecological systems are sites of capital accumulation and the intersection of socioeconomic institutions and the environment (Kaika 2005) . Urban ecosystem homogenization, convergence, and socioeconomic dimensions contribute to the novelty of cities (see box 1).
In response to homogenization, urban researchers and practitioners have been thinking carefully about how to create and manage green spaces that support native species diversity, ecological processes (e.g., stormwater infiltration and decomposition), and ecosystem services under an ecology for the city framework (Grove et al. 2016) . One type of green space that has experienced a renaissance in recent years and has piqued the interest of local governments and urban planners is urban agriculture. Urban agroecosystems such as allotment community gardens (henceforth "community gardens") are pockets of green space in cities where species diversity, ecological processes, and ecosystem services and functions may be preserved through strong socioecological interactions. Gardeners carefully select crops for food, ornamental, and medicinal purposes (Baker 2004 ), but they also heavily cultivate the ground underneath through soil selection, amendments, and irrigation that support the planned and associated biodiversity of these systems.
In the following article, we argue that the consistent and deliberate human management that occurs from the ground up in community gardens represents a specific example of how novel agroecosystems emerge within cities through soil biotic homogenization. We look specifically at community gardens as an emergent agroecosystem to show how intensive human management of soils to sustain crop production is creating novel types of ecosystems that are similar across time and space. We suggest that human preference, intensive management, and similar soil-formation processes (from purchased inputs to knowledge capital) are leading to the homogenization of garden-bed soils across urban regional hubs. This supports the idea that social factors, not just environmental conditions, lead to biotic homogenization, ecosystem convergence, and environmental similarity. Although most work has focused on urban vegetation and birds as homogenizing communities within cities due to human management and disturbance (McKinney 2006 , Aronson et al. 2014 , cultivated soils have been overlooked as a strong ground-up force that selects for vegetation systems and associated biodiversity to develop. Soils-not just vegetation-are a foundational catalyst for the emergence of novel community-garden agroecosystems.
Community gardens as socioecological systems Community gardens serve both social and ecological goals of the city, thereby adding to urban landscape multifunctionality (Lovell and Taylor 2013) . On one hand, community gardens provide a place where urban dwellers can interact with nature, increase food security, and contribute to public or human health and social well-being; on the other hand, they have an important role in combatting the increasing imperviousness of the built environment, providing habitat heterogeneity in the landscape matrix, and supporting urban biodiversity. In the following section, we describe the key social and ecological characteristics of community gardens and how they interact to provide socioecological benefits.
Community gardens as social systems. Although historically practiced by ancient civilizations, urban agriculture has more recently "resprouted" in developed and developing cities, transforming gray and green land into highly productive agroecosystems that feed urban residents and add multifunctional complexity to urban landscapes (Lovell 2010) . In the past, Mayan civilizations integrated urban agriculture into urban planning and design to contribute to food security, sustainable water management, and urban welfare (Barthel and Isendahl 2013) . Today, urban agriculture is in its "fifth wave" in the Global North and is promoted by alternative agriculture networks and local community movements as a means of increasing urban food security, literacy, and justice (Lawson 2005) . In particular, community gardens have been advertised as a crucial solution to decrease social inequities and increase green-space access in urban landscapes. As a result, contemporary community gardens are now providing public-health (Alaimo et al. 2008) , cultural, and social benefits (Saldivar-Tanaka and Krasny 2004) traditionally linked to food production. Some benefits may not have been originally present historically (e.g., multicultural interactions), whereas others may have been lost in modern history (e.g., people-food-nature connections).
Gardens generally build community capital through increased social cohesion, reciprocal support, and interpersonal connections. Although urban societies are increasingly socially disconnected because of people's isolation and limited time spent outdoors (Mckenzie 2008) , agroecological participation offers gardeners the physical and social space to develop a sense of place, build social networks, and thereby develop relations of reciprocity and trust (Kingsley and Townsend 2006) . Increased social The novel ecosystem framework describes a system as novel in its species composition, interactions, and functions (Hobbs et al. 2006) . Conservationists and restorationists classify novel systems by the amount of characteristics or conditions retained from historical ranges (Hobbs et al. 2009 ); novel systems are considered to be completely and irreversibly altered or transformed in species composition and function from their "historical" configurations. Although the notions of "historical" and "natural" states are arguable when one considers indigenous land-use legacies (Heckenberger et al. 2003) , such baselines have been used as a way to measure ecosystem "divergence" in the wild, in the agricultural landscape (Lindenmayer et al. 2008) , and in the constructed urban landscape matrix (Pickett et al. 2001) . Urban land-use transformation is a driver of biological homogenization (McKinney 2006) , creating socioecological systems and landscapes that are distinct from those that they replace but relatively similar to one another in structure and functions (Groffman et al. 2014). interactions foster community cohesion and inclusion around a shared activity (Alaimo et al. 2010) . Furthermore, gardens are locations of neighborhood community organizing and political activity (Armstrong 2000) and gender political empowerment (White 2011) . This suggests that garden-social-network activity can have spillover effects on the overall urban neighborhood welfare. Thus, gardens may foster a novel community connectedness that contributes to mending the rifts generated by capitalist economies of scale and urbanization (McClintock 2010) .
Social connectedness has been shown to enhance agricultural engagement and learning across cultures and generations that translate into better gardener management practices (Saldivar-Tanaka and Krasny 2004). Gardeners not only share physical objects such as gardening tools and fresh produce (Wakefield et al. 2007 ), but they also share their knowledge capital rooted in past rural livelihoods (Baker 2004) . Gardeners exchange ideas and solutions to overcome challenges such as soil contamination (Kim et al. 2014) , poor soil fertility, and the lack of access to compost or fertilizer (Baker 2004) . The transfer and adaptation of knowledge on soils and vegetation within gardening communities may generate resource conservation and food production. Thus, community gardens are sites of knowledge gathering, education, and collective knowledge coproduction-all of which are novel processes in diverse (in cultures, ages, and socioeconomic statuses) gardener communities.
Perhaps less well known are the health and mental wellbeing benefits that may come from community gardens. Research has shown that the deprivation of urban nature has led urban citizens to experience (a) psychological suffering in the form of greater stress and anxiety (Lederbogen et al. 2011 ) and (b) physical health effects in the form of increased allergies, depleted human microbiota, and decreased immunoregulation (Hanski et al. 2012) . Community gardens may decrease stress and provide improved mental wellbeing and cognition through an increased interaction with urban nature (Van Den Berg and Custers 2011). In addition, community-garden participation may improve the physical health of gardeners through exposure to highly biodiverse systems or through the cultivation and ingestion of medicinal plants that combat sickness (Corlett et al. 2003) . Gardening can also improve the nutrition of participants, especially of children, by increasing the amount and diversity of vitamins, minerals, and phytochemicals gained through increased fruit and vegetable consumption (Guitart et al. 2014) . Last, gardeners' exposure to natural elements in urban environments may change their perception of biodiversity. Experiencing nature further improves human well-being and happiness and can have implications for biodiversity conservation (Russell et al. 2013) . In gardens, novel interactions with garden biodiversity (e.g., plants, insects, and soil-dwelling organisms) in both a recreational and productive manner may enhance an individual's perceived connectedness to nature (Dallimer et al. 2012 ) and influence their agricultural management (Andersson et al. 2007 ).
Community gardens as ecological systems. Community gardens are increasingly recognized as reservoirs for urban biodiversity conservation (Goddard et al. 2013 ) and as laboratories for ecological investigations that explore the influence of management practices on biodiversity, trophic interactions, and ecosystem-service provisioning (Philpott and Bichier 2017) . Local vegetation and soil management influence above-and belowground habitat characteristics, ecological interactions and processes through soil amendments, irrigation practices, and the intentional planting of resource plants (Fiedler et al. 2008) . Additions of floral and ornamental plants provide nectar and resources to support beneficial insect populations and species diversity in gardens (Colding et al. 2006) , which enhance crop production through, for example, pollination and pest control (Lin et al. 2015) . Soil management (e.g., adding compost, fertilizer, and manures) and groundcover management (e.g., mulching) increase soil decomposition rates, fertility, organic matter development, moisture, and water retention (Beniston and Lal 2012) . Together, soil and vegetation management determine the template for ecological community formation and trophic interactions (Faeth et al. 2011) .
Ecological interactions among and between trophic levels lead to aboveground (e.g., pollination) and belowground (e.g., stormwater infiltration) ecosystem services that encapsulate supporting, regulating, and provisioning services. Garden soils are hotspots of nutrient cycling and the development of soil fertility. Natural enemies respond to local garden-management practices as well as landscape patterns, which are good proxies of garden-pest population regulation (Philpott and Bichier 2017) . The control of herbivorous and rodent pests is provided by insectivorous and predatory birds that may use community gardens for nesting habitat and food resources (Goddard et al. 2010) . Most often cited are the provisioning services of food, water, and biodiversity generated through ecological functions linked to the management of soil and vegetation that support, for example, pollinator communities that enhance crop production. Last, in addition to conserving biodiversity and biotic functions, community gardens are also important for resource conservation, including water storage through vegetation and soil structure (Davies et al. 2009 ). Gardens may also regulate within-garden microclimate and surrounding neighborhood climate to lessen urban-heatisland effects that result from impervious cover (Drescher et al. 2006) . In summary, all of these ecosystem services have novel socioecological spillover benefits to the surrounding urban landscape (Lin et al. 2015) .
Novelty created through the cultivation of garden soils Urban soils tend to be very different from "natural" and agricultural soils as a result of the biophysical effects of urbanization, such as compaction, chemical pollution, and heat and precipitation retention (Byrne 2007) . However, gardens present another layer of complexity because they are formed out of the social, political, and economic dimensions of the human community (WinklerPrins and Souza 2005) . This suggests that community-garden soils are highly influenced by diverse management practices, socioeconomic gradients, and biophysical conditions. Therefore, soils not only provide a link between above-and belowground trophic interactions but are also the layer where gardener sociocultural diversity and social and economic capital fuse together to influence soil formation. Consequently, soils are regulated not only by soil food-web interactions but also by garden social networks and individual resource availability (e.g., tools, time, and money; Ghose and Pettygrove 2014). Although natural soils are typically characterized through their soil organic matter, moisture, and nutrient content, garden soils are novel in that they must also be understood in the context of the gardener's knowledge capital, fiscal capital, and social capital that influence soil management.
Community gardens and their soils may further be influenced by historical legacies of industrial or agricultural land use (Palmer and Santo 2016). Community gardens located on previous industrial sites often have soils that contain heavy metals, have low organic-matter content, and have high levels of compaction (Pouyat et al. 2010) . Consequently, community gardens often need to be recreated from the ground up in order to make them appropriate for cultivation. It is this social and biophysical process of soil creation that forms the ecosystem base in which vegetation and other species thrive. In summary, garden soils sit at the interface of human and nonhuman interactions through micromanaged soil development. Soils sequester a novel materiality and a social production of ecological systems through this process, which renders them unique when compared with other novel ecosystem accounts.
A useful concept to contextualize these local and landscape-scale processes is anthropedogenesis, the role of human activity in the process of soil formation (Richter 2007 ) that is rapidly occurring in urban landscapes (Effland and Pouyat 1997) . Previous work has demonstrated how social context, history, and management regimes in which urban soils are embedded influence soil properties across urbanization gradients (Effland and Pouyat 1997, Swidler 2009 ). For example, urban soil contamination may be a product of the landscape-scale legacy effects of uneven urbanization processes, linking historical waves of capitalism to contemporary racialized environmental injustices (McClintock 2015) . In addition, soil transportation may connect cities to their rural hinterlands to create novel connections across space and time. For example, rapid land-use transformation (e.g., housing abandonment and demolitions) and material constraints (i.e., for filling material) have demanded the extraction and movement of fresh soils from rural areas to fill demolished building lots in Detroit, Michigan (Koscielniak 2016) . These pedogenesis stories highlight how soils, novel in composition and spatial association, form from interactions between urban ecosystems and urban society.
Previous work has focused on the role of vegetation as a primary mechanism for influencing novelty in urban environments (Kowarik 2011 , Aronson et al. 2014 ). We instead consider the effect of garden soils as the primary mechanism of novelty within community gardens. In gardens, urban biophysical and socioeconomic activities that influence soil development set filters for species selection to shape biodiversity and ecological processes through the provision of water and nutrients. We see the potential cascading effects on vegetation complexity, associated biodiversity, and aboveground trophic interactions that provision ecosystem services through community-garden soil cultivation as a distinct account of novel ecosystem development in comparison with natural and agricultural landscapes. Below, we provide a case-study example to show how these patterns have emerged within the community garden soils in central California.
Community garden soils as emergent phenomena:
The case of California's central coast The California central coast landscape is a mix of intensive agriculture, high-density urban development, and forested mountain ranges that create sharp physical and climatic distinctions within and across cities. The biophysical and climatic gradient is mirrored by a socioeconomic gradient. To the south, the stretch of landscape from Santa Cruz to Watsonville exemplifies the irony of California's agricultural system: Thousands of acres of strawberry and lettuce fields are cared for by farm workers, many who live in communities with extremely limited access to fresh produce (Brown and Getz 2011) . To the north, the influx of Silicon Valley wealth has fundamentally changed the physical and social structure of a historically orchard-dominated landscape tended by Asian and European immigrants (Pellow and Park 2002) . These historical waves of land-use transformation and demographic transformation shape the contemporary diverse physical and social composition of central coast cities.
We present a case-study example based on 25 urban community gardens across the central coast of California (figure 1) that experience a large range of sociodemographic, cultural, and ecological heterogeneity. Within each of the gardens, gardeners rent individual garden beds that they manage on the basis of their own desires (e.g., crop choice, ornamental plantings, or levels of amendments) but also under the prescribed management of the overall garden. For example, some gardens have water limits, whereas others have no water-use restrictions. Some gardens provide compost, whereas others provide mulch. However, we found that all gardens are managed toward the cultivation of organic produce, in which garden management (e.g., city parks and recreation departments) only allows the use of organic inputs provided by the garden or brought in by the individual.
The heterogeneity in social and environmental factors is expected to yield a range of management decisions that affect soil composition and vegetation choices across gardens. Some gardens are primarily cropped with edible plants, whereas others are planted with ornamental species. Some gardens have drip-irrigation systems, whereas others use watering cans to transport water from a main spigot or garden hoses from shared spigots distributed across the garden. Some gardeners choose to use raised beds or boxes, whereas others garden in the ground, and gardeners choose how to compose the soil within their beds. Gardeners choose the base soil material, as well as the amendments added to beds (compost, manure, and/or mulch). However, gardeners may or may not add amendments to their beds on the basis of resource access or perceived necessity, and the quality and composition of amendments likely vary as a function of the social context and market availability.
Therefore, because garden beds are managed individually by gardeners, we have chosen the garden bed as the scale of analysis in which to contextualize how land-use history, chronology, and potentially the management drivers (e.g., knowledge sharing and fiscal capital) and environmental drivers (e.g., regional climate, parent material, and soil structure) of the gardens described above extend to garden soil characteristics. We see these social complexities situated in the context of urban landscape biophysical heterogeneity as the driver of soil development in community gardens (figure 2). Furthermore, the diversity of gardeners, their motivations and values, and their social and economic capital contribute to the production of soils that support a novel agroecosystem within the urban sphere.
Remediating history: Disappearing land-use legacies. Our research in California has unveiled that contemporary community gardeners can mediate the effects of land-use histories and chronologies of urban soil. Triplicate samples (20 centimeters in depth) of the topsoil (re)worked by community gardeners were used to measure physical and chemical soil properties that affect plant growth and crop yield. Total carbon and nitrogen were measured with a CE NC2500 Elemental Analyser interfaced to a ThermoFinningan Delta Plus XP isotope ratio mass spectrometer (Fry et al. 1992) at the UCSC Stable Isotope Laboratory (Santa Cruz, California). Soil-extractable iron, zinc, copper, manganese, and boron were measured using DTPA-Sorbitol Inductively Coupled Plasma Spectrometry (Gavlak et al. 2003) at A&L Western Agricultural Laboratories (Modesto, California). Soil organic matter (SOM), maximum water-holding capacity (WHC), and bulk density (BD) were measured using loss-on-ignition (550 degrees Celsius, 3 hours), waterbath, and core methods, respectively (Wilke 2005) . We also collected information on the previous land use (PLU) of garden sites using aerial imagery dating back to the 1940s (www.historicaerials.com). We determined the PLU (agriculture or pasture, forest, housing, tree orchard, and vacant lot or open space), the minimum year of PLU, the decade of garden establishment, and garden age. Despite predicting that garden soils would differ as a function of PLU type and age because of legacy effects, we did not find significant differences among sites of different PLU type or age group (figure 3). This indicates that legacy effects typical of urban soil characteristics (Raciti et al. 2011) , such as those observed in turfed systems (Pouyat et al. 2009 ), may be lost because of the high level of cultivation, manipulation, and management by gardeners. We further found that cultivation by community gardeners might generate relatively novel ecosystems in raised garden beds as compared with those established on the ground surface, the former having generally higher soil-organic-matter content, carbon, and nitrogen (figure 4).
The results indicate that the land-use legacy traits are not maintained within the soil systems and that garden age does not have a large impact on garden soil signatures. This indicates that the management or creation of soils within community gardens is homogenizing the soils to a point at which past soil characteristics are progressively lost. Garden soils are thus novel in that they are disassociated from the past land-use legacies of that geographic location. However, soils from raised beds are significantly different from soils from ground beds, indicating that different socioecological processes might differentiate the two systems.
Furthermore, the cultivation and development of "garden" soil-especially in the case of the development of raised beds-are increasing soil homogenization and novelty. Observations from fieldwork indicated that gardeners often bring base soils from other locations, such as large homegardening stores or council-supplied soil collections. The construction of raised beds further provides a gardening system in which soils can be completely cultivated outside of the original soil profile, thereby allowing gardeners to create novel soils exactly to their liking. As we see, the soils in the raised beds have higher soil organic matter, carbon, and nitrogen. The lack of strong differences in raised-bed soil characteristics across regions-each of which has different microclimate characteristics, sociodemographic gradient, and degree of urbanization (i.e., percent impervious cover)-also further substantiates that these highly cultivated and novel soils are quite homogenous in quality and structure. This suggests that people's practices, knowledge, and attitudes when it comes to soil cultivation are relatively similar. Previous research has found historical land-use transformations drive urban soil characteristics. For example, legacies of industrialization have been linked to soil mercury contaminants in urban Oakland, CA (McClintock 2015) . Soil nitrogen and carbon densities have been found to increase in urban developed soils in comparison with natural forest soils (Raciti et al. 2011) . Furthermore, temporal factors have been attributed to anthropogenic drivers when, for example, organic matter increases with urban soil age (Scharenbroch et al. 2005) . The lack of strong temporal relationships in our system parallels other studies of heavily managed urban green spaces. Golubiewski (2006) found urban soil carbon progressively increases (actually exceeding surrounding native soils) and bulk density decreases after decades since land-use change. Livesley and colleagues (2016) found that turfgrass and urban forest soil properties were better predicted by local vegetation factors than green-space age. These examples indicate that local management of urban soils may be more important than age by ameliorating the negative effects of urbanization such as soil compaction (Millward et al. 2011) .
In our California system, the high cultivation of garden soils seems to resolve the influence of past land-use legacies in a relatively short time period (less than 15 years). High management intensities at different spatial and temporal scales seem to converge the disparate trajectories of original soils into novel systems. Although we observed relatively high soil compaction in sites that have histories of mechanized agriculture, the ability of community gardeners to work and rework their soil, use raised beds, and add mulch and organic amendments may negate the strong universal effects of land-use transformations on garden soil characteristics and actually lead to the homogenization of soils across sites and regions. Furthermore, in comparison with that of soils in other urban green spaces such as parks and recreational areas, this increased management intensity in the case of gardens may actually be advantageous rather than a force with negative connotations (Edmondson et al. Figure 3 . Ordination of the California central coast community gardens based on Bray-Curtis distance among their soil properties (bulk density, BD; total carbon, C; total nitrogen, N; C:N ratio, CN; total zinc, Zn; total manganese, Mn; total iron, Fe; total copper, Cu; total boron, B; soil organic matter, SOM; and water holding capacity, WHC) using nonmetric multidimensional scaling. Community gardens are classified by age (left panel) and garden-bed type (right panel). Plots were created using the "ordiplot" and "ordiellipse" functions of the R library vegan (Oksanen 2015) by adding 95% confidence ellipses around each age and plot structure group. 2014). Gardeners may rapidly ameliorate poor soil quality and increase its fertility and productivity in urban areas otherwise unfavourable to food production.
Conclusions
Garden soils, because of their high level of cultivation and management, determine novel agroecosystems characterized by a unique soil structure and quality desired by gardeners. Community gardeners therefore become agents of change, establishing the primary material within ecosystems that mediates below-and aboveground interactions. Soil characteristics are a function of specific management practices, such as adding mulch cover and compost, and these management practices are likely a result of gardener social and physical capital linked to social identity, socioeconomic status, and social networks that are themselves novel in cityscapes. We suggest that the practices and knowledge of soil cultivation-and in particular the formation of raised beds-are similar across gardener communities to thereby drive soil homogenization and the loss of land-use transformation legacies and historical contingencies. Instead, novel garden soils provide the basis for continuous land and habitat transformation with the high levels of manipulation, cultivation, and remediation by gardeners. 
